The developmental accumulation pattern of messenger RNA transcripts and polypeptides for wheat gliadins and ADPglucose pyrophosphorylase was determined using cDNA and antibody probes. Gliadin mRNA was detected on Northern and RNA dot blots at 3 days after flowering, it increased 100-fold by 10 days and decreased subsequent to 14 days. The abundant mRNAs encoding a/, #-and -y-type 
Wheat endosperm is a relatively homogeneous tissue and a good model system for studying developmental gene regulation in plants. The cytological events of endosperm development are divided into three distinct phases (3, 5) . In the first few DAF2 endosperm tissue is formed as a multinucleated syncytium, followed by cellularization and multiple rounds of mitotic division. During the middle phase, between about 10 to 25 DAF, large amounts of storage protein, starch, and other seed reserves accumulate. The late phase (26-40 DAF) is a period of dehydration and seed maturation.
The wheat seed storage proteins that accumulate during the middle phase consist primarily of the alcohol-soluble gliadins, which are encoded by a family of at least 40 genes (27) on separate genetic loci located on two different chromosomes (21) . Although gliadin mRNAs accumulate early in the middle phase of endosperm development (8) , it is not clear whether the individual genes are coordinately or differentially expressed. We have recently characterized the sequence diversity of the a/fl-and y- ' Supported by Grants type gliadin gene subfamilies which encode most of the gliadin polypeptides (19) . Individual genes within each subfamily are highly homologous, but can be resolved into additional homology groups by the presence of unique restriction sites, crosshybridization analysis at high stringency, and direct DNA sequence comparison. With probes specific for various homology groups within these subfamilies in hand, a study of the developmental regulation ofthis large gene family has now been initiated. Starch also accumulates at approximately the same time as the gliadins during the middle phase of endosperm development (26) . ADPglucose pyrophosphorylase, a key regulatory enzyme in starch biosynthesis (23) , has a much higher activity in endosperm than other wheat tissues (26) a/fl-and y-type gliadins, antibodies were raised to these ranslational activity per uag of poly(A)+ RNA isolated two gliadin components as described in "Materials and Meth-F these stages was always at least equal to that of ods." On SDS polyacrylamide gels, the purified y-gliadin fraction ipea chlorotic mottle virus RNA (gift of Dr. S. D. gave two bands with mol wt of 41 and 37 kD, while the a/fl-J). SDS-PAGE of the in vitro translation products gliadin fraction gave major and minor bands of 34 and 31 kD, similar to those of Greene (8) . The putative gliadin respectively. Rabbit antibodies obtained from these two fractions tred coordinately, were just detectable at 6 DAF, were shown by Ouchterlony double diffusion to cross-react, k DAF, and remained high up to 31 DAF.
indicating either extensive antigenic similarity or cross-contamcal intactness, size, and relative amount of gliadin ination of the purified fractions. Antigenic similarity is expected ifferent stages of development was determined by in view of the sequence homology between these two gliadin )t analysis (Fig. IA) . Messenger RNA for the a/f,-subfamilies (19) .
Id be detected at 3 DAF, though at very low levels, A Western blot of total endosperm proteins probed with 'yd most dramatically between 6 and 14 DAF. Similar gliadin antibodies is shown in Figure 3A . Both antibodies recobtained using the y-gliadin probe B48 (18) Gliadin was not detectable at 6 DAF or earlier, even when the blots were overexposed three times longer than shown in Figure  3A . The two minor higher mol wt bands that appeared at 31 DAF in Figure 3A could not be detected using a/fl-gliadin antibody even when the blots were 10-fold overexposed. Thus, there was at least some difference in the specificity of the antibodies. The two bands could also be detected on Coomassiestained SDS gels and clearly did not accumulate coordinately with the bulk of the gliadins. The developmental changes in ADPglucose pyrophosphorylase polypeptide levels were also quantitated by Western blot (Fig.  3B) . The size of the mature polypeptide was 50 kD; it was first detected at 6 DAF, increased to a maximum at 14 to 18 DAF, and decreased thereafter.
Comparison of the Kinetics of Accumulation. Densitometer values for each time point on the Northern and Western blots were plotted as a percent of the maximum value for each blot and these plots are shown along with the increases in seed weight, protein, and RNA content in Figure 4 . Since both protein and poly(A)+ RNA content increased in parallel with seed weight, changes in the percent of maximum values approximately reflect changes in the absolute amount per unit weight of seed. The profiles for gliadin and ADPglucose pyrophosphorylase mRNA are very similar, both with respect to the rate of increase and the subsequent decrease. The respective changes in polypeptide levels, on the other hand, are not similar. ADPglucose pyrophosphorylase polypeptide follows approximately the accumulation profile of its mRNA, while that of gliadin polypeptide lags considerably behind. Furthermore, the level of ADPglucose pyrophosphorylase decreases after 18 DAF, whereas the gliadin level continues to increase through 31 DAF.
Two-Dimensional Gel Survey of the Major Changes in mRNA Transcripts during Early Endosperm Development. In view of the coordinate accumulation of gliadin and ADPglucose pyrophosphorylase mRNAs, it was of interest to survey the overall changes during this same time. Furthermore, it was of interest to compare the patterns of mRNA accumulation in early endosperm to other wheat tissues. Therefore, in vitro translation products of mRNA isolated from early stages of endosperm development were resolved on two-dimensional gels (Fig. 5) . Endosperm-specific in vitro translation products were identified on the basis of their absence from both etiolated seedling (coleoptile) and mature leaf (pattern not shown). Coleoptile and early endosperm had very similar patterns (examples enclosed in squares, Fig. 5 ), probably because these tissues are both rapidly growing and nonphotosynthetic. Mature leaf tissue produced a very different pattern from that of endosperm.
The pattern of endosperm translation products at 3 and 6 DAF were nearly identical, while the pattern at 10 DAF was significantly different. The difference was due largely to the accumulation of gliadin mRNAs, which at 14 to 24 DAF may account for 60% of the total poly(A)+ RNA (22) . During the early stages ofendosperm development (3-10 DAF), endospermspecific translation products fell into three categories: those that remained relatively constant (enclosed in circles), those that increased (indicated with arrows), and those that decreased (indicated with triangles). Some of the gliadin translation products can be identified on the basis of their mol wt and isoelectric point (indicated with a G); many gliadins have a pI too basic to be resolved on standard O'Farrell gels.
DISCUSSION
Using hybridization analysis, we have shown that the most abundant mRNAs for the a/f3-and y-type gliadins and the mRNA for ADPglucose pyrophosphorylase accumulate coordinately during endosperm development. This is consistent with the fact that the timing of starch accumulation (26) Additional polypeptide bands related immunologically to y-, but not a/fl-gliadins, were seen to accumulate much later than did the gliadins (31 DAF as opposed to 10 DAF). The intensity of their interaction with y-gliadin antibody on Western blots was much less than expected from their relative prominence on Coomassie-stained gels, suggesting that they share only some immunological epitopes with the y-gliadins. Since these two proteins were not detected in the 70% ethanol-soluble fraction and had sizes in the range of 36 to 52 kD, they could be low mol wt glutenins which are known to be related to y-gliadins (19 
